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OBJECf IVE — To examine diabetes screening, predictors of screening, and the burden of un- 
diagnosed diabetes in the immigrant population and whether these estimates differ by ethnicity. 

RESEARCH DESIGN AND METHODS— A population-based retrospective cohort linking 
administrative health data to immigration files was used to follow the entire diabetes-free population 
aged 40 years and up in Ontario, Canada (N = 3,484,222) for 3 years (2004-2007) to determine 
whether individuals were screened for diabetes. Multivariate regression was used to determine 
predictors of having a diabetes test. 

RESULTS — Screening rates were slightly higher in the immigrant versus the general popula- 
tion (76.0 and 74.4%, respectively; P < 0.001), with the highest rates in people born in South 
Asia, Mexico, Latin America, and the Caribbean. Immigrant seniors (age ^65 years) were 
screened less than nonimmigrant seniors. Percent yield of new diabetes subjects among those 
screened was high for certain countries of birth (South Asia, 13.0%; Mexico and Latin America, 
12.1%; Caribbean, 9.5%) and low among others (Europe, Central Asia, U.S., 5.1-5.2%). The number 
of physician visits was the single most important predictor of screening, and many high-risk ethnic 
groups required numerous visits before a test was administered. The proportion of diabetes that 
remained undiagnosed was estimated to be 9.7% in the general population and 9.0% in immigrants. 

CONCLUSIONS — Overall diabetes-screening rates are high in Canada's universal health care 
setting, including among high-risk ethnic groups. Despite this finding, disparities in screening 
rates between immigrant subgroups persist and multiple physician visits are often required to 
achieve recommended screening levels. 



Diabetes is a serious chronic disease 
that is associated with substantial in- 
creases in morbidity and mortality and 
imposes a huge economic burden on society. 
Although screening for diabetes is increasing 
in Canada (1), up to one-third of all diabetes 
subjects are thought to be undiagnosed in 
the general population in Canada and the 
U.S., an estimate that may now be out of 
date (2,3). One significant factor that is likely 
contributing to increased screening is the 
rising prevalence of obesity in the population. 
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Early detection and control of diabe- 
tes can potentially reduce the heightened 
risk of cardiovascular morbidity and mor- 
tality associated with this disease. People 
with screen-detected diabetes have an in- 
creased risk of heart disease as compared 
with the general population, and this risk 
is modifiable with treatment (4-6). In ad- 
dition, timely screening can prevent the 
onset of common diabetes-related com- 
plications that could be avoided through 
early detection and treatment (e.g., 



retinopathy, peripheral neuropathy, and 
peripheral vascular disease) (7). 

National guidelines in both the U.S. 
and Canada recommend that diabetes 
screening should be performed on those 
aged 45 years (U.S.) or 40 (Canada) years 
and over every 3 years, with more frequent 
or earlier screening for those with addi- 
tional risk factors, including belonging to 
a high-risk ethnic group (8,9). Ethnic 
groups that have been shown to display 
an elevated risk for diabetes include peo- 
ple of South Asian (10-12), Aboriginal 
(13), and African-Caribbean descent 
(2,11). Many of the 250,000 immigrants 
to Canada every year (14) belong to ethnic- 
ities that experience higher rates of diabetes 
(11) and who therefore should be screened 
regularly and beginning at a younger age. 
There is evidence, however, that immi- 
grants may have lower health care utiliza- 
tion (15), which may predispose this 
group to have lower rates of screening 
than the Canadian-born population. An 
important and currently unanswered 
question, therefore, is whether some eth- 
nic or migrant groups are more likely to be 
underdiagnosed than others. In this study, 
we describe the pattern of diabetes screen- 
ing among recent immigrants to Ontario 
by looking at screening rates, screening 
efficiency/yield, predictors of screening, 
and the burden of undiagnosed diabetes 
in this population by region of origin. 

RESEARCH DESIGN AND 
METHODS 

Study population 

We conducted a retrospective cohort 
study to examine rates of screening for 
diabetes among immigrants to Canada 
compared with those in the general pop- 
ulation during the 3-year period from 
1 April 2004 (the baseline date for this 
study) to 31 March 2007. To do so, all 
adults aged 40 years or older (based on 
Canadian screening recommendations) 
who were living in Ontario during the 
3-year period prior to baseline (from 1 April 
2001) were identified from the Registered 
Persons Database (RPDB), an electronic 
registry of all individuals who are eligible 
for health coverage in Ontario. In order to 
identify immigrants to Canada, RPDB re- 
cords were linked to immigration data from 
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Citizenship and Immigration Canada (CIC), 
which contains information on all indi- 
viduals having been granted permanent 
residency in Canada between 1985 and 
2000 (N = 1,377,816). This database in- 
cludes demographic and socioeconomic 
information collected at the time of appli- 
cation for immigration status. Eighty-four 
percent of CIC records were linked to the 
RPDB using probabilistic linkage techni- 
ques. Feasibility of linkage between the 
CIC and health administrative datasets 
was tested in pilot projects (15), and dif- 
ferences in linkage by immigration varia- 
bles in these previous studies were found 
to be small and unlikely to produce signif- 
icant bias in study results. For the purpose 
of this study, the general population com- 
prised those who did not have a record of 
immigration between 1985 and 2000, so 
individuals having immigrated prior to 
1985 were included in this group. Fur- 
thermore, in order to avoid misclassifying 
immigrants who were not captured in the 
CIC data linkage as nonimmigrants, indi- 
viduals in the general population were ex- 
cluded from the study if they first became 
eligible for provincial health insurance af- 
ter 1991. Nineteen-ninety-one is the first 
date for which administrative data on 
health insurance eligibility in Ontario is 
available. The majority of these excluded 
adults are likely to be external migrants 
not captured by the CIC data, with a small 
proportion comprised of internal migrants 
arriving from another province. 

Individuals with a diagnosis of di- 
abetes at baseline, which accounted for 
-11% (422,878 individuals) and 12% 
(59,766 individuals) of our general pop- 
ulation and immigrant cohorts, respec- 
tively, were excluded from the study. 
Those who had no health care contact 
between 1 April 1999 (5 years before base- 
line) and 31 March 2007 (end of 3-year 
observation period) were also excluded. Be- 
cause 98% of all immigrants in our database 
settled in urban areas, we excluded rural 
populations using a Statistics Canada algo- 
rithm based on postal codes. This resulted 
in the further exclusion of 2.0% (12,092) of 
immigrants and 17.3% (922,028) of long- 
term residents from the study. 

Study outcomes 

Screening rates. Diagnosis of diabetes 
before or during the study period was 
established by linking the study popula- 
tion to the Ontario Diabetes Database, a 
validated population-based, cumulative, 
diabetes registry based on physician visits 
and hospitalizations for diabetes, excluding 



gestational diabetes (16). We determined 
the percentage of people without prior 
diabetes diagnosis, who were screened 
within the 3-year follow-up, along with 
95% CIs. Under the universal health in- 
surance program in Ontario, >95% of 
health services provided are captured in 
provincial, administrative data (17), al- 
lowing us to identify what services, in- 
cluding laboratory tests, were billed and 
when with the exception of a very small 
proportion of tests conducted in hospi- 
tals. Provincial health services data were 
linked to our study population by en- 
crypted individual health card number. 
In the 3-year study follow-up, individuals 
were considered to be screened for diabe- 
tes if they had one or more physician or 
laboratory billing for a serum blood glucose , 
hemoglobin A1C, or a nonpregnancy- 
related oral glucose tolerance test. Due to 
our use of administrative data, we could 
not differentiate whether the test was for 
screening (in asymptomatic individuals) 
or diagnosis (in symptomatic individuals). 
Screening efficiency. Screening efficiency 
(defined as the percent positive of the total 
screened with previously undetected di- 
abetes) was measured. We also calculated 
the reciprocal of screening efficiency, the 
number needed to screen (NNS) within 
each risk group to identify one previously 
undiagnosed case of diabetes (NNS = total 
number screened/total number of newly 
diagnosed cases). 

Burden of undiagnosed diabetes. Finally, 
based on the yield of new diabetes sub- 
jects among the screened population, we 
estimated the number of people with 
undiagnosed diabetes we would expect 
to find in the unscreened population on 
3 1 March 2007 using the formula: undiag- 
nosed cases = total unscreened popula- 
tion X screening efficiency (18). 

The proportion of all diabetes in the 
population that is undiagnosed was then 
estimated by dividing the number of un- 
diagnosed cases by the total number of 
people with diabetes. Total cases of di- 
abetes were calculated as the sum of all 
diagnosed (both prevalent at baseline as 
well as newly diagnosed during the study 
period) and undiagnosed cases. 

Statistical analysis 

All analyses were performed by world 
region of origin and stratified by sex be- 
cause there is evidence supporting a larger 
proportion of undiagnosed diabetes in men 
than in women (18). Comparisons across 
subgroups for the descriptive analyses 
above were conducted using \ tests. 



Along with the descriptive analyses 
described above, multivariate log-binomial 
regression was used to determine the asso- 
ciation between receiving a diabetes test 
within the recommended time frame and 
the covariates of interest. Three different 
models were fit: 1) adjusted model to de- 
termine characteristics of those having a 
diabetes test within the recommended 
period; 2) same as model 1 but including 
number of primary care physician visits 
during the study period to adjust for pat- 
terns of utilization; and 3) adjusted model 
to determine the predictors of being tested 
in any one visit (as opposed to being tested 
at any point in the 3 years of the study 
observation period, as with models 1 and 
2). The latter model was generated using 
the number of visits up to the first dia- 
betes test as an offset in the model and a 
Poisson distribution. 

Covariates included in the model 
were age (40-49, 50-59, 60+ years), 
world region of birth, immigration visa 
category, educational qualifications at 
time of immigration, time in Canada (as 
of 1 April 2004), income (based on resi- 
dential postal code), and number of phy- 
sician visits (derived from physician 
billing data and excluding specialist visits) 
during the study period. Due to the ab- 
sence of individual-level income informa- 
tion in provincial health administrative 
databases, residential postal codes were 
linked to 2006 Canada Census data at the 
smallest geographical area available, the 
dissemination area (an area containing 
—400-600 people) using a Postal Code 
Conversion File (PCCF+ v. 5D; Statistics 
Canada). Relative income quintiles ad- 
justed for household and community 
size were then generated and assigned 
to individuals. 

All analyses were performed using 
SAS (version 9.2; SAS Institute). This pro- 
tocol received ethical approval from the 
Institutional Review Board at Sunnybrook 
Health Sciences Centre and the University 
of Toronto. 

RESULTS 

Baseline study characteristics 

A total of 3,927,059 individuals were ob- 
served for the 3-year period. Compared 
with the general Ontario population, im- 
migrants were younger, more likely to be 
male, and more likely to live in low-income 
neighborhoods (Table 1). The largest pro- 
portion of immigrants was from Asia and 
Eastern Europe. The majority of people im- 
migrated under the Economic (including 
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Table 1 — Baseline characteristics of the urban* Ontario general population (excluding 
immigrant cohort) and immigrant study populations^, aged 40 years and up and diabetes-free 
on 1 April 2004 





General 
population 


Immigrant 
cohort 


Study population characteristics 








Median age (years)t 


54 


48 


Percent male 46.5 48.9 


Income quintile of neighborhood of settlement§ 


Q2 


19.1 


23.1 


Q3 


19.1 


19.7 


Q4 


20.4 


16.8 


Q5 


23.6 


12.6 


World region of birth 






133,360 (30.1%) 


Eastern Europe and Central Asia 




78,098 (17.6%) 


South Asia 




73,212 (16.5%) 


Western Europe and U.S. 




37,183 (8.4%) 


North Africa and the Middle East 




32,596 (7.4%) 


Caribbean 




29,758 (6.7%) 


Sub-Saharan Africa 




23,246 (5.2%) 






375 (0.1%) 


Immigration visa category 








194,584 (43.9%) 


Family 




158,652 (35.8%) 




Other 




11,915 (2.7%) 


Educational qualifications at landing (%) 


No education 




12,469 (2.8%) 


Secondary or less 




204,833 (46.3%) 


Nonuniversity qualifications 




90,288 (20.4%) 








University degree or higher 




112,933 (25.5%) 








4-9 years 




137,339 (31.0%) 








>15 years 




148,835 (33.6%) 



*Urban areas identified from first three characters of the postal code of residence (the Forward Sortation 
Area). tUrban population eligible for provincial health care between 1 April 2004 and 31 March 2007, based 
on administrative databases. JBased on age as of 1 April 2004. §2006 census income information was applied 
based on the individual's postal code of residence on 1 April 2004. 



investors, entrepreneurs, and skilled work- 
ers) and Family (predominantly family 
reunification and sponsorship) visa catego- 
ries. Over the 3-year period, 212,137 new 
cases of diabetes were identified. 

Diabetes screening 

Diabetes testing rates were high. Although 
statistically significant, the difference in 
screening rates between immigrants over- 
all and the general population were small 
(76.0 vs. 74.4%; P < 0.0001) (Table 2). 
There were differences by region of birth 
whereby people born in East and South 
Asia, North Africa, the Caribbean, Mexico, 



Latin America, and the Middle East were 
screened more than the general popula- 
tion (all differences, P < 0.0001). Screen- 
ing rates increased with age in the general 
population; however, the increase was 
minimal for immigrant men and rates 
decreased with age among immigrant 
women. Over the age of 65 years, immi- 
grants were screened less than the general 
population (75.9 vs. 83.2% and 77.7 vs. 
84.8% in males and females, respectively; 
both P < 0.0001). Women, both in the 
immigrant cohort and in the general pop- 
ulation, were screened more than men 
(P < 0.0001). 



Screening efficiency 

Screening efficiency was similar although 
statistically higher in immigrants (with 
8.1% diagnosed with diabetes) than in the 
general population (7.1%; P < 0.0001), 
and it was higher in men than in women 
(P < 0.0001) (Table 2). Screening effi- 
ciency was highest in people from South 
Asia (13.0% of people screened had un- 
diagnosed diabetes) followed by the 
Caribbean (9.5%) and Mexico and Latin 
America (8.9%), particularly among se- 
niors from these regions. The lowest 
screening efficiency was in immigrants 
from Europe, the U.S., and Central Asia 
(5.1-5.2%). 

The NNS to identify one new case was 
lowest in men and women from South 
Asia (NNS 8), followed by the Caribbean 
(NNS 1 1) and Mexico and Latin America 
(NNS 11). 

Predictors of diabetes screening 

Model 1 showed that male sex, age >50 
years, living in the lowest income neigh- 
borhoods, being born in Western Europe 
or the U.S., immigrating under the family 
reunification visa category, and living in 
Canada for < 15 years were all associated 
with lower rates of diabetes screening 
(Table 3). When number of physician vis- 
its was added to the model (model 2), 
it was by far the strongest predictor of 
whether or not a person received a dia- 
betes test, and all other effects were atten- 
uated. Although attenuated, being born 
in a non- Western European country and 
female sex were still predictive of receiv- 
ing a diabetes test. Conversely, living in 
the lowest income neighborhoods, hav- 
ing no formal education, and being <50 
years of age were still associated with not 
being screened, even after all other varia- 
bles were controlled for. 

When the probability of being tested 
per visit was modeled (model 3), we found 
that although women were more likely to 
be tested overall, in any given visit, men 
were more likely to be tested. Similarly, per 
visit, adults aged 40-59 years were more 
likely to be tested than seniors. Immigrants 
from all regions of the world except Eastern 
Europe and Central and East Asia were less 
likely to be tested per visit than people from 
Western Europe and the U.S., our lowest 
diabetes risk group. Compared with the 
highest income quintile and highest edu- 
cation category, all other income and ed- 
ucation categories had a lower probability 
of being tested per visit, with the lowest 
probability in the lowest income and edu- 
cation groups. 
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Table 3 — Predictors of receiving a diabetes screen test during the 3-year study period (1 April 2004-31 March 2007): results of 
regression analyses 







Adjusted rate ratio (95% CI) 








Model 2: 


Model 3: 




Model 1: 


adjusted model including 


adjusted model, probability 




adjusted model 


utilization measuref 


of screening per visit 


Sex 


Female 


Reference 


Reference 


Reference 


Male 


0.902 (0.899-0.905)* 


0.986 (0.899-0.988)* 


1.106 (1.099-1.1114)* 










40-49 


0.973 (0.969-0.978)* 


0.978 (0.975-0.980)* 


1.135 (1.124-1.146)* 


50-59 


1.019 (1.014-1.024)* 


0.999 (0.996-1.002) 


1.144 (1.131-1.157)* 


60+ 


Reference 


Reference 


Reference 




0-1 




Reference 




2-5 




6.275 (6.132-6.421)* 




6-10 




8.029 (7.851-8.213)* 




11+ 




8.731 (8.538-8.93)* 




Income quintile of residential neighborhood (%)$ 


0.989 (0.983-0.995)§ 
1.018 (1.012-1.024)* 


0.988 (0.985-0.991)* 
0.997 (0.993-1.000) 


0.874 (0.863-0.884)* 
0.924 (0.913-0.935)* 


Q2 


Q3 


1.034 (1.028-1.04)* 


0.999 (0.996-1.002) 


0.940 (0.929-0.952)* 


Q4 


1.037 (1.031-1.043)* 


1.004 (1.001-1.007) 


0.961 (0.949-0.973)* 


Q5 


Reference 


Reference 


Reference 


World region of birth 


Western Europe and U.S. 


Reference 


Reference 


Reference 


East Asia and the Pacific 


1.145 (1.137-1.154)* 


1.055 (1.049-1.060)* 


1.032 (1.018-1.047)* 


Mexico and Latin America 


1.158 (1.147-1.168)* 


1.047 (1.041-1.053)* 


0.984 (0.967-1.001) 


The Caribbean 


1.143 (1.132-1.153)* 


1.046 (1.039-1.052)* 


1.018 (1.000-1.037) 


Eastern Europe and Central Asia 


1.101 (1.092-1.11)* 


1.036 (1.031-1.042)* 


1.063 (1.047-1.079)* 


Sub-Saharan Africa 


1.122 (1.110-1.133)* 


1.039 (1.033-1.046)* 


0.945 (0.927-0.964)* 


Immigration visa category 


Economic 


Reference 


Reference 


Reference 


Family 


0.986 (0.982-0.990)* 


0.984 (0.982-0.986)* 


0.917 (0.909-0.925)* 


Refugee 


1.005 (0.969-0.978) 


0.981 (0.978-0.984)* 


0.904 (0.895-0.913)* 










Educational qualifications at landing (%) 


No education 


1.000 (0.990-1.010) 


0.990 (0.985-0. 996)§ 


0.860 (0.842-0.880)* 


Secondary or less 


1.051 (1.047-1.056)* 


1.005 (1.002-1.007)* 


0.916 (0.908-0.925)* 


Some university 


1.022 (1.014-1.031)* 


0.999 (0.995-1.004) 


0.963 (0.947-0.979)* 


University degree or higher 


Reference 


Reference 


Reference 


Time in Canada (years) 










10-15 


0.978 (0.974-0.981)* 


1.006 (1.004-1.008)* 


1.037 (1.029-1.046)* 




Reference 


Reference 





Study population limited to immigrants without prior diagnosed diabetes, aged 40 years and over (N = 442,837). *P < 0.0001. tSum of physician visits (excluding 
specialists) during the 3-year observation period. ^Dissemination area-level income quintile derived from residential postal code and adjusted for family size and 
community size. §P < 0.001. 



Undiagnosed diabetes 

Despite high rates of screening, there was 
still a large number of people with un- 
diagnosed diabetes estimated among the 
newcomer South Asian population (1,832 
undiagnosed cases) due to the high diabe- 
tes prevalence in this population (Table 4). 
The highest burden of undiagnosed cases 



among immigrants, however, was esti- 
mated to be in people from East Asia and 
the Pacific (2,259 undiagnosed cases), 
primarily due to the large number of 
newcomers from that region. When we 
estimated the percent of total diabetes sub- 
jects that was undiagnosed, we found the 
percent ranged from 5.3% in women from 



South Asia to 16.6-16.7% in men from 
Europe, the U.S., and Central Asia. Over- 
all, immigrants and the general Ontario 
population had a similar proportion of un- 
diagnosed cases, and both had a higher 
proportion undiagnosed among men 
(11.2 vs. 7.1% among immigrant males 
and females, respectively, P < 0.0001; 
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Table 4 — Estimated number and percentage of undiagnosed diabetes subjects by world region and immigration status, 2004-2007, 
among those aged 40 years and up with no prior diabetes diagnosis on 1 April 2004 



Number of diagnosed cases in 2007, Estimated number of 





persons aged 40+ 


years* 


undiagnosed casesf 


Percent undiaj 


mosed$ 


Population 


All 


Male 


Female 


All§ 


Male 


Female 


All 


Male 


Female 


General population 


607,742 


315,010 


292,732 


65,391 


42,428 


25,193 


9.7 


11.9 


7.9 




By world region of birth 


Eastern Europe and Central Asia 


7,321 


3,773 


3,548 


1,098 


754 


389 


13.0 


16.7 


9.9 


Mexico and Latin America 


8,129 


3,876 


4,253 


666 


446 


241 


7.6 


10.3 


5.4 


Caribbean 


7J07 


3,075 


4,632 


640 


413 


245 


7.7 


11.8 


5.0 


North Africa and Middle East 


5,822 


3,388 


2,434 


575 


419 


173 


9.0 


11.0 


6.6 


South Asia 


26,947 


15,004 


11,943 


1,832 


1,185 


676 


6.4 


7.3 


5.4 


Sub-Saharan Africa 


4,473 


2,712 


1,761 


471 


353 


136 


9.5 


11.5 


7.2 


Western Europe and U.S. 


3,996 


2,113 


1,883 


618 


421 


219 


13.4 


16.6 


10.4 



"Includes cases diagnosed during the 3-year study observation (2004-2007) period and prevalent cases at baseline (2004) from the Ontario Diabetes Database. 
•(■Calculated as the total unscreened population multiplied by the screening efficiency (number of unscreened X [newly diagnosed cases/total screened]). +As a 
proportion of all true diabetes subjects (diagnosed + undiagnosed) in the population. §Male and female estimates do not sum to the total since the estimates were 
modeled for each group separately. 



11.9 vs. 8.9% among general Ontario 
population males and females, respec- 
tively, P < 0.0001). 

CONCLUSIONS— We found a high 
rate of diabetes screening in our immi- 
grant study population, particularly 
among the groups with the highest risk 
for diabetes as shown in previous work 
(11). In addition, we found that in this 
highly screened population, the number 
needed to screen to identify one new case 
of diabetes was still low, and the screening 
efficiency was very high. These results are 
consistent with the recent ADDITION- 
Leicester trial that found among the 
screened population, South Asians had a 
twofold higher risk of presenting with a 
previously undiagnosed glucose disorder 
as compared with white Europeans (19). 
These findings are important because 
early screening has the potential to reduce 
the long-term risk of diabetes complica- 
tions through timely control of blood glu- 
cose and early initiation of cardiovascular 
risk reduction therapy (6,7,20,21). In 
particular, targeted screening of high-risk 
ethnic groups, including South Asians, 
may provide an opportunity for consider- 
able population health gains through car- 
diovascular risk reduction interventions. 
In addition, periods of poor glycemic con- 
trol have been shown to have long-lasting 
effects, further emphasizing the impor- 
tance of identifying people with diabetes 
and asymptomatic hyperglycemia (22). 

The most significant driver of an in- 
dividual being screened for diabetes was 
frequent contact with a physician. This 



finding is unsurprising if the majority of 
tests were due to opportunistic screening 
of patients as part of routine care. Targeted 
and stepwise screening programs have 
typically reported lower screening rates 
(23). Although they achieved high rates 
of screening, many of our high-risk 
groups required multiple visits to do so, 
and their likelihood of getting tested in 
any one particular visit was actually lower 
than in other groups. Of possible con- 
cern was the relatively low screening 
rate observed among immigrant seniors 
as compared with seniors in the general 
population. This finding suggests that the 
oldest immigrants may face additional 
barriers to care that need to be addressed 
in order to reduce this disparity. Another 
important finding is that in our universal 
health care setting, with no overt financial 
barriers to screening, the percent of all di- 
abetes that was undiagnosed was lower 
than reported in past literature (2,24). 
This suggests that in Canada, recommen- 
dations from clinical practice guidelines 
on screening have been adopted into prac- 
tice and a low proportion of patients, par- 
ticularly among high-risk groups, are 
undiagnosed. This is supported by results 
of two earlier studies that found that the 
majority of adults in Ontario aged 40+ 
years are being screened for diabetes and 
that nonwhite ethnicity and immigrant 
status were associated with an increased 
likelihood of being screened (18). Both 
of the above findings are dependent on 
good access to primary care, which may 
have serious implications in settings and 
for populations that experience barriers to 



care, whether due to low physician supply, 
geographic, or insurance-based issues. 

The prevalence of undiagnosed di- 
abetes is related to the overall prevalence 
of diabetes and diabetes-related risk fac- 
tors in the population, as well as the use 
of health services by the population at 
risk and the screening policies in the 
jurisdiction. In the U.S., the 2005-2006 
National Health and Nutrition Examina- 
tion Survey found that the percentage of 
undiagnosed diabetes, although high at 
—40%, has remained relatively stable 
over the last 10-15 years overall but has 
decreased significantly in Mexican Amer- 
icans (25). These results, in combination 
with our study, suggest that the propor- 
tion of undiagnosed cases in the U.S. and 
Canada has remained stable or even de- 
creased in the past 10 years despite an in- 
creasing prevalence of diabetes and that 
higher risk groups are being screened. We 
found that roughly two-thirds of all undi- 
agnosed cases of diabetes are men, a finding 
supported by previous research (18). 

One limitation of this study is that our 
estimate of the number of people with 
undiagnosed diabetes assumes that the 
prevalence among those that are screened 
is equivalent to the prevalence among 
those unscreened. This assumption may 
not hold if some people with diabetes- 
related health issues or risk factors (such 
as high BMI or family history) may be more 
likely to be in contact with the health care 
system and more likely to be tested for 
diabetes. In that case, our proportion of 
undiagnosed diabetes would actually be a 
worst-case scenario, and the true proportion 
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would actually be lower. However, it is 
possible that the opposite may also be 
true, and prevalence may be higher in the 
untested group because diabetes and 
health care access share some risk factors. 
Due to our reliance on administrative data, 
we were also subject to the restrictions of 
the available data. For instance, the ad- 
ministrative data do not contain clinical 
information on risk factors such as body 
mass or family history, so we were unable 
to adjust for these factors in our analyses. 
The immigration data were also limited to 
individuals immigrating to Canada be- 
tween 1985 and 2000, thus our study 
population did not include the most re- 
cent immigrants (those arriving between 
2001 and 2004) who may experience the 
greatest barriers to accessing health services. 
We also cannot ascertain from the ad- 
ministrative data whether an individual 
was screened as part of routine medical 
care or based on symptoms, nor do we 
differentiate between type of test used. 
We do not feel that the latter is a major 
limitation because the objectives of this 
study were not to investigate reasons for 
screening or type of test used; we were 
interested in overall screening rates and to 
identify the screening patterns in immi- 
grant populations and by ethnicity. A 
further limitation is that individuals with 
no health system contact in the 5 years 
prior to baseline and the 3 years of follow-up 
(a total of 8 years) were excluded because 
we could not ascertain their continued 
residency in the province. Although these 
individuals could be underutilizing the 
health system, they comprise a very small 
proportion of the total population [81% 
of Canadians see a healthcare provider 
annually (26)] , and many of these individ- 
uals may have emigrated from the prov- 
ince. Finally, whether an individual is 
screened for diabetes depends on individ- 
ual, physician, social, and system factors 
that are not all available in our data. By ad- 
justing for utilization of primary care, we 
have attempted to disentangle some of the 
effects of overall access. 

Population-wide screening for dia- 
betes is still controversial. However, op- 
portunistic screening of high-risk groups 
is increasingly recommended (4,5,7), and 
recent evidence suggests that treatment 
of screen-detected patients with diabetes 
results in a significant improvement in 
their cardiovascular risk profile (6). Rec- 
ommendations state that individuals be- 
longing to high-risk ethnic groups should 
be screened regularly and beginning at a 
younger age, which may pose a challenge 



if immigrant groups have less contact with 
the health care system or face barriers ac- 
cessing care as suggested by some studies 
(15,19). In our universal health care 
system, we found no evidence of lower 
screening in immigrants, nor did we find 
disparities in screening by region of birth 
(i.e., the highest risk groups were being 
screened more than the lowest risk groups), 
and we found a fairly low proportion of 
undiagnosed cases. A diabetes screening 
rate of 76% as found in our study compares 
favorably with other screening programs 
in the same setting, such as cervical and 
breast cancer screening, which are cur- 
rently reported as occurring in 61 and 
59% of the recommended population, re- 
spectively (27,28). Ideally, in a universal 
health care setting, 100% of screening 
guidelines/targets would be met, but this 
is rarely the case, and special efforts have 
to be made to reach at-risk populations. 
One possible concern was that many im- 
migrant groups required frequent physi- 
cian visits to achieve the observed high 
rates of screening, which may have serious 
implications for settings in which there is 
poor, or inequitable, access to health care. 
These results also suggest that in addition 
to universal access to physician services, 
there are other important factors that must 
be identified and addressed to achieve 
high rates of diabetes screening. 



Acknowledgments — Data were provided by 
Citizenship and Immigration Canada and 
the Institute for Clinical Evaluative Sciences 
(ICES), Toronto, Ontario, Canada. The Ca- 
nadian Population Health Initiative of the 
Canadian Institute for Health Information, 
Citizenship and Immigration Canada, and 
the Public Health Agency of Canada (PHAC) 
sponsored the data linkage for this study. This 
study was supported by ICES; the Centre for 
Research on Inner City Health; The Keenan 
Research Centre in the Li Ka Shmg Knowledge 
Institute of St. Michael's Hospital, Toronto, 
Ontario, Canada; and the Ontario Ministry of 
Health and Long-Term Care. D.G.M. holds 
a Chair in applied public health from the Ca- 
nadian Institute for Health Research and the 
Public Health Agency of Canada. 

No potential conflicts of interest relevant to 
this article were reported. 

M.I.C analyzed data and wrote the manu- 
script. G.L.B. reviewed and edited the manu- 
script and contributed to discussion. D.G.M. 
proposed analysis and reviewed and edited the 
manuscript. R.M. supervised and assisted with 
the statistical analyses and reviewed the manu- 
script. RH.G. proposed analysis and reviewed 
and edited the manuscript. M.I.C. is the guar- 
antor of this work and, as such, had full access to 
all the data in the study and takes responsibility 



for the integrity of the data and the accuracy of 
the data analysis. 

This study was presented at the North 
American Primary Care Group meeting, Seattle, 
Washington, 13-17 November 2010. 

The authors thank Alex Kopp and Nadiya 
Gunraj at the Institute for Clinical Evaluative 
Sciences for assistance in preparing the data. 



References 

1. Wilson SE, Lipscombe LL, Rosella LC, 
Manuel DG. Trends in laboratory testing 
for diabetes in Ontario, Canada 1995- 
2005: a population-based study. BMC 
Health Serv Res 2009 ;9:41 

2. Cowie CC, Rust KF, Byrd-Holt DD, et al. 
Prevalence of diabetes and impaired fast- 
ing glucose in adults in the U.S. pop- 
ulation: National Health And Nutrition 
Examination Survey 1999-2002. Diabetes 
Care 2006;29:1263-1268 

3. Young TK, Mustard CA. Undiagnosed di- 
abetes: does it matter? CMAJ 2001; 164: 
24-28 

4. Sandbaek A, Griffin SJ, Rutten G, et al. 
Stepwise screening for diabetes identifies 
people with high but modifiable coronary 
heart disease risk. The ADDITION study. 
Diabetologia 2008;51:1127-1134 

5. Janssen PG, Gorter KJ, Stolk RP, Rutten 
GE. Randomised controlled trial of inten- 
sive multifactorial treatment for cardiovas- 
cular risk in patients with screen-detected 
type 2 diabetes: 1-year data from the 
ADDITION Netherlands study. Br J Gen 
Pract 2009;59:43-48 

6. Griffin SJ, Borch-Johnsen K, Davies MJ, 
et al. Effect of early intensive multifactorial 
therapy on 5 -year cardiovascular outcomes 
in individuals with type 2 diabetes detected 
by screening (ADDITION-Europe): a cluster- 
randomised trial. Lancet 2011;378:156- 
167 

7. Colagiun S, Davies D. The value of early 
detection of type 2 diabetes. Curr Opin 
Endocrinol Diabetes Obes 2009;16:95- 
99 

8. Ur E, Chiasson J, Ransom T, Rowe R. 
Screening jor Type 1 and Type 2 Diabetes- 
2008 Clinical Practice Guidelines. Canadian 
Diabetes Association Clinical Practice 
Guidelines Expert Committee. S14-S16. 
Toronto, Canadian Diabetes Association, 
2008 

9. American Diabetes Association. Standards 
of medical care in diabetes — 2010. Diabetes 
Care 2010;33(Suppl. 1):S11-S61 

10. Dhawan J, Bray CL, Warburton R, 
Ghambhir DS, Morris J. Insulin resistance, 
high prevalence of diabetes, and cardio- 
vascular risk in immigrant Asians. Genetic 
or environmental effect? Br Heart J 1994; 
72:413-421 

1 1 . Creatore MI, Moineddin R, Booth G, et al. 
Age- and sex-related prevalence of diabetes 
mellitus among immigrants to Ontario, 
Canada. CMAJ 2010;182:781-789 



760 



Diabetes Care, volume 35, April 2012 



care . diabet esj ournals . org 



12. Cruickshank JK, Cooper J, Burnett M, 
MacDuff J, Drubra U. Ethnic differences in 
fasting plasma C-peptide and insulin in 
relation to glucose tolerance and blood 
pressure. Lancet 1991;338:842-847 

13. Public Health Agency of Canada. Report 
from the National Diabetes Surveillance 
System: Diabetes in Canada. Ottawa, Cen- 
tre for Chronic Disease Prevention and 
Control, 2009 

14. Research and Evaluation Branch. Citizen- 
ship and Immigration Canada. Facts and 
Figures-Immigration Overview 2008. Ottawa, 
Minister of Public Works and Government 
Services Canada, 2009 

15. Kliewer E, Kazanjian A. The health status 
and medical services utilization of re- 
cent immigrants to Manitoba and Bntish 
Columbia: A pilot study. Report prepared 
for Citizenship & Immigration Canada 
[Internet] . Vancouver, BC Office of Health 
Technology Assessment, Centre for Health 
Services and Policy Research, 2000. Available 
from http://www.chspr.ubc.ca/node/335. 
Accessed 17 January 2012 

16. Hux JE, Ms F, Flrntoft V, Bica A. Diabetes 
in Ontario: determination of prevalence 
and incidence using a validated adminis- 
trative data algorithm. Diabetes Care 2002; 
25:512-516 



17. Williams JI, Young W. Appendix: A sum- 
mary of studies on the quality of admin- 
istrative databases in Canada. In Patterns 
oj Health Care in Ontario. The ICES Practice 
Atlas. 2nd ed. Goel V, Williams JI, Anderson 
GM, et al, Eds. Ottawa, Canadian Medical 
Association, 1996, p. 339-346 

18. Wilson SE, Rosella LC, Lipscombe LL, 
Manuel DG. The effectiveness and effi- 
ciency of diabetes screening in Ontario, 
Canada: a population-based cohort study. 
BMC Public Health 2010;10:506 

19. Webb DR, Gray LJ, Khunti K, et al. 
Screening for diabetes using an oral glu- 
cose tolerance test within a western multi- 
ethnic population identifies modifiable 
cardiovascular risk: the ADDITION-Leicester 
study. Diabetologia 2011;54:2237-2246 

20. Holman RR, Paul SK, Bethel MA, 
Matthews DR, Neil HA. 10-year follow-up 
of intensive glucose control in type 2 di- 
abetes. N Engl J Med 2008;359:1577- 
1589 

21. Kahn R, Alperin P, Eddy D, et al. Age at 
initiation and frequency of screening to 
detect type 2 diabetes: a cost-effectiveness 
analysis. Lancet 2010;375:1365-1374 

22. Chalmers J, Cooper ME. UKPDS and the 
legacy effect. N Engl J Med 2008;359: 
1618-1620 



Creatore and Associates 

23. van den Donk M, Sandbaek A, Borch- 
Johnsen K, et al. Screening for type 2 
diabetes. Lessons from the ADDITION- 
Europe study. Diabet Med 2011;28:1416- 
1424 

24. Leiter LA, Barr A, Belanger A, et al.; Di- 
abetes Screening in Canada (DIASCAN) 
Study. Diabetes Screening in Canada 
(DIASCAN) Study: prevalence of un- 
diagnosed diabetes and glucose intoler- 
ance in family physician offices. Diabetes 
Care 2001;24:1038-1043 

25. Cowie CC, Rust KF, Ford ES, et al. Full 
accounting of diabetes and pre-diabetes in 
the U.S. population in 1988-1994 and 
2005-2006. Diabetes Care 2009;32:287- 
294 

26. Statistics Canada. Canadian community 
health survey, cycle 3.1, 2005 [computer 
file]. Ottawa, Data Liberation Initiative, 
2006 

27. Lofters AK, Moineddin R, Hwang SW, 
Glazier RH. Low rates of cervical cancer 
screening among urban immigrants: a 
population-based study in Ontario, Canada. 
Med Care 2010;48:611-618 

28. SwansonJG, Kaczorowski J. Mammogra- 
phy rates for 20 community-based family 
practices in Ontario: a full practice audit. 
Can J Public Health 2007;98:374-378 



care . diabe tesj oumals . org 



Diabetes Care, volume 35, April 2012 



761 



